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' SULQWLQJ IRU GUXJ PDQXIDFWXULQJ $ SHUVSHFWLYH RQ WKH IXWXUH RI SKDUPDFHXWLFDOV   0HKUL %HKEHKDQL HW DO 7KLV LV DQ 2SHQ $FFHVV
DUWLFOH GLVWULEXWHG XQGHU WKH WHUPV RI WKH &UHDWLYH &RPPRQV $WWULEXWLRQ  ,QWHUQDWLRQDO /LFHQVH KWWSVFUHDWLYHFRPPRQVRUJOLFHQVHVE\
SHUPLWWLQJ DOO QRQFRPPHUFLDO XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RULJLQDO ZRUN LV SURSHUO\ FLWHG 
5(6($5&+ $57,&/(
3UHFOLQLFDO HYDOXDWLRQ RI DGYDQFHG QHUYH JXLGH
FRQGXLWV XVLQJ D QRYHO ' LQ YLWUR WHVWLQJ PRGHO
0HKUL %HKEHKDQL $GDP *OHQ &DUROLQH 6 7D\ORU $OH[DQGHU 6FKXKPDFKHU )UHGHULN
&ODH\VVHQV -RKQ : +D\FRFN
'HSDUWPHQW RI 0DWHULDOV 6FLHQFH DQG (QJLQHHULQJ 7KH 8QLYHUVLW\ RI 6KHIILHOG 8.
 )DFXOW\ RI $SSOLHG &KHPLVWU\ 5HXWOLQJHQ 8QLYHUVLW\ *HUPDQ\
$EVWUDFW $XWRJUDIWV DUH WKH FXUUHQW JROG VWDQGDUG IRU ODUJH SHULSKHUDO QHUYH GHIHFWV LQ FOLQLFV GHVSLWH WKH IUHTXHQWO\
RFFXUULQJ VLGH HIIHFWV OLNH GRQRU VLWH PRUELGLW\ +ROORZ QHUYH JXLGDQFH FRQGXLWV 1*& DUH SURSRVHG DOWHUQDWLYHV WR
DXWRJUDIWV EXW IDLOHG WR EULGJH JDSV H[FHHGLQJ  FP LQ KXPDQV ,QWHUQDO 1*& JXLGDQFH FXHV OLNH PLFURILEUHV
DUH EHOLHYHG WR HQKDQFH KROORZ 1*&V E\ JLYLQJ DGGLWLRQDO SK\VLFDO VXSSRUW IRU GLUHFWHG UHJHQHUDWLRQ RI 6FKZDQQ FHOOV
DQG D[RQV ,Q WKLV VWXG\ ZH UHSRUW D QHZ ' LQ YLWUR PRGHO WKDW DOORZV WKH HYDOXDWLRQ RI GLIIHUHQW LQWUDOXPLQDO ILEUH
VFDIIROGV LQVLGH D FRPSOHWH 1*& 7KH SHUIRUPDQFH RI HOHFWURVSXQ SRO\FDSURODFWRQH 3&/ PLFURILEUHV LQVLGH  PP
ORQJ SRO\HWK\OHQH JO\FRO 3(* FRQGXLWV ZHUH LQYHVWLJDWHG LQ QHXURQDO FHOO DQG GRUVDO URRW JDQJOLRQ '5* FXOWXUHV LQ
YLWUR =VWDFN FRQIRFDO PLFURVFRS\ UHYHDOHG WKH DOLJQHG RULHQWDWLRQ RI QHXURQDO FHOOV DORQJ WKH ILEUHV WKURXJKRXW WKH
ZKROH 1*& OHQJWK DQG GHSWK 7KH QXPEHU RI OLYLQJ FHOOV LQ WKH FHQWUH RI WKH VFDIIROG ZDV QRW VLJQLILFDQWO\ GLIIHUHQW WR
WKH WLVVXH FXOWXUH SODVWLF 7&3 FRQWURO )RU H[ YLYR DQDO\VLV '5*V ZHUH SODFHG RQ WRS RI ILEUHILOOHG 1*&V WR VLPXODWH
WKH SUR[LPDO QHUYH VWXPS ,Q  GD\V RI FXOWXUH 6FKZDQQ FHOOV DQG D[RQV LQILOWUDWHG WKH FRQGXLWV DORQJ WKH PLFURILEUHV
ZLWK    PP DQG    PP UHVSHFWLYHO\ :H FRQFOXGH WKDW WKLV LQ YLWUR PRGHO FDQ KHOS GHILQH LQWHUQDO 1*&
VFDIIROGV LQ WKH IXWXUH E\ FRPSDULQJ GLIIHUHQW ILEUH PDWHULDOV FRPSRVLWHV DQG GLPHQVLRQV LQ RQH VHWXS SULRU WR DQLPDO
WHVWLQJ
.H\ZRUGV ' PRGHO LQWUDOXPLQDO VFDIIROG SHULSKHUDO QHUYH UHJHQHUDWLYH PHGLFLQH PLFURILEUHV
&RUUHVSRQGHQFH WR -RKQ : +D\FRFN 'HSDUWPHQW RI 0DWHULDOV 6FLHQFH DQG (QJLQHHULQJ 6LU 5REHUW +DGILHOG %XLOGLQJ 0DSSLQ 6WUHHW 6
-' 8. MZKD\FRFN#VKHIILHOGDFXN
5HFHLYHG 6HSWHPEHU   $FFHSWHG 1RYHPEHU   3XEOLVKHG 2QOLQH 'HFHPEHU  
&LWDWLRQ +D\FRFN - : 3UHFOLQLFDO HYDOXDWLRQ RI DGYDQFHG QHUYH JXLGH FRQGXLWV XVLQJ D QRYHO ' LQ YLWUR WHVWLQJ PRGHO
,QW -%LRSULQW   KWWSG[GRLRUJ,-%YL
 ,QWURGXFWLRQ
,QMXULHV WR SHULSKHUDO QHUYHV FDQ DIIHFW WKH JHQHUDO
SXEOLF LQ DOO DJH JURXSV PRVWO\ FDXVHG E\ GRPHVWLF
LQGXVWULDO RU WUDIILF DFFLGHQWV 6HYHUH WUDQVHFWLRQ
LQMXULHV DUH RIWHQ OLIHFKDQJLQJ DQG PD\ UHVXOW LQ
GHIHFWV RI PRWRU DQG VHQVRU\ IXQFWLRQ 7KHVH LQMXULHV
FDQ RIWHQ EH UHSDLUHG WKURXJK D VHOIUHJHQHUDWLRQ
PHFKDQLVP DIWHU :DOOHULDQ GHJHQHUDWLRQ WDNHV SODFH>@
+RZHYHU D PDMRU FRQFHUQ LV WKH LQFUHDVLQJ ULVN RI
LQFRPSOHWH IXQFWLRQDO DQG PRWRU UHFRYHU\ ZLWK
LQFUHDVLQJ GHJUHH RI LQMXU\>@ &XUUHQW FOLQLFDO WUHDWPHQWV
RI FRPSOHWH SHULSKHUDO QHUYH WUDQVHFWLRQ LQMXULHV
FRPSULVH RI VXUJLFDO HQGWRHQG VXWXULQJ DOORJUDIWLQJ
RU WKH XVH RI QHUYH JXLGDQFH FRQGXLWV GHSHQGLQJ RQ
QHUYH JDS VL]H DQG VHYHULW\ RI LQMXU\ 'HVSLWH LWV
UHSXWDWLRQ DV WKH JROG VWDQGDUG DXWRJUDIWV VXIIHU IURP
VHYHUDO PDMRU GUDZEDFNV WKH VDFULILFH RI D KHDOWK\
QHUYH GRQRU VLWH PRUELGLW\ DW OHDVW WZR VXUJLFDO
LQWHUYHQWLRQV RQ GRQRU DQG LQMXU\ VLWH SRWHQWLDO VL]H
GLVFUHSDQF\ EHWZHHQ KDUYHVWHG QHUYH DQG LQMXUHG
QHUYH DQG SRVVLEOH IXQFWLRQDO PLVPDWFK ZKHQ WUHDWLQJ
0HKUL %HKEHKDQL HW DO
,QWHUQDWLRQDO -RXUQDO RI %LRSULQWLQJ ±9ROXPH  ,VVXH 
PRWRU QHUYH OHVLRQV ZLWK FRPPRQO\ XVHG VHQVRU\
VXUDO QHUYH JUDIWV>@
,Q UHFHQW \HDUV ELRHQJLQHHUV KDYH IRFXVHG RQ WKH
GHYHORSPHQW RI 1*&V WR SURYLGH DQ DOWHUQDWLYH
WUHDWPHQW WR DXWRJUDIWV ZKHUH GLIIHUHQW PDWHULDOV DQG
GHVLJQV ZHUH H[SORUHG UHVXOWLQJ LQ D QXPEHU RI
GHYLFHV WKDW KDYH VHHQ )'$ DSSURYDO 1HXURIOH[
1HXURPDWUL[ 1HXUD*HQ $[R*XDUG $YDQFH
1HXURODF RU 6DOX7XQQHO +RZHYHU WKHVH
FRPPHUFLDO 1*&V ODFN LQWHUQDO JXLGDQFH VWUXFWXUHV
DQG FDQQRW H[FHHG LQMXU\ JDSV JUHDWHU WKDQ  FP
ZKLFK LV VKRUWHU WKDQ WKH GHILQHG FULWLFDO QHUYH JDS RI
 FP LQ KXPDQV>@ 7R WKLV GDWH QR RWKHU FRPPHUFLDO
VROXWLRQ KDV EHHQ SUHVHQWHG 7KHUHIRUH NH\ FKDOOHQJHV
QRZ IRFXV RQ HQKDQFHPHQW RI 1*&V E\ LQFOXGLQJ
LQWHUQDO FRQGXLW JXLGDQFH VWUXFWXUHV IRU WDUJHWHG D[RQ
UHJHQHUDWLRQ WKURXJK WKH QHUYH JDS WR PD[LPLVH WKH
QXPEHU RI UHJHQHUDWLQJ D[RQV DQG WKHUHIRUH WKH
UHJHQHUDWLRQ RXWFRPH $OLJQHG ILEUHV RI D QDWXUDO RU
V\QWKHWLF PDWHULDO FDQ EH RQH DSSURDFK WR LPSURYH
KROORZ QHUYH JXLGHV>@ E\ PLPLFNLQJ WKH QDWXUDO
UHJHQHUDWLRQ JXLGDQFH FXHV RI EDQGV RI %QJQHU ZKHUH
6FKZDQQ FHOOV DQG ILEUREODVWV IRUP DOLJQHG EDQGV EHWZHHQ
WKH SUR[LPDO DQG GLVWDO QHUYH HQG WR JXLGH D[RQV WR WKHLU
WDUJHW HIIHFWRUV>@ :LWK DGMXVWPHQW RI WKH ILEUH
GHQVLW\ LQ WKH 1*& OXPHQ VSHFLILF UHJHQHUDWLRQ QHHGV
FDQ EH DGGUHVVHG OLNH YDU\LQJ D[RQ QXPEHUV LQ QHUYHV
,Q FRPSDULVRQ KROORZ QHUYH JXLGHV RQO\ SURYLGH
RXWHU JXLGDQFH IRU WKH LQMXUHG QHUYH WR NHHS ERWK
QHUYH VWXPSV FRQQHFWHG EXW FDQQRW SURYLGH UHOHYDQW
LQWHUQDO JXLGDQFH VXSSRUW IRU UHJHQHUDWLQJ FHOOV DQG
WLVVXH )XUWKHUPRUH ILEUH FRQWDLQLQJ FRQGXLWV ZRXOG
QRW UHTXLUH DQ DGDSWLRQ RI QHUYH IDVFLFOHV DQG EORRG
YHVVHOV EHWZHHQ WKH SUR[LPDO VWXPS DQG WKH FRQGXLW
ZKLFK LV QHFHVVDU\ ZKHQ XVLQJ DXWRJUDIWV>@
1HZO\ GHYHORSHG 1*& VFDIIROG GHVLJQV ZKLFK
KDYH VHHQ LQ YLYR LPSODQWDWLRQ KDYH FRPSDUHG
IDYRXUDEO\ WR KROORZ FRQGXLWV DQG DXWRJUDIWV>@
+RZHYHU QHZ GHVLJQV KDYH IRU WKH PRVW SDUW
QRW EHHQ GLUHFWO\ FRPSDUHG WR SUHYLRXV JHQHUDWLRQ
1*&V RU WR FXUUHQWO\ XVHG QHUYH FRQGXLWV )XUWKHUPRUH
ZLWK DGYDQFHG 1*& LPSURYHPHQWV PRUH DGHTXDWH
HYDOXDWLRQ WHFKQLTXHV DUH UHTXLUHG 0RUH FRPSOH[
1*& VWUXFWXUHV VXFK DV WKRVH WKDW FRPSULVH RI WZR
FRPSRQHQWV OLNH DQ DGGLWLRQDO LQWHUQDO VFDIIROG ZRXOG
JUHDWO\ EHQHILW IURP QRYHO DVVHVVPHQW WHFKQLTXHV OLNH LQ
YLWUR HYDOXDWLRQV LQ WKUHH GLPHQVLRQV LQVWHDG RI
UHO\LQJ RQ GDWD UHWULHYHG IURP LQ YLWUR DQDO\VLV RQ IODW
PDWHULDO ILOPV :H WKHUHIRUH K\SRWKHVL]HG WKDW WKH
HYDOXDWLRQ RI LQWUDOXPLQDO QHUYH JXLGH VFDIIROGV HJ
PLFURILEUHV FDQ EH GLUHFWO\ FRQGXFWHG LQ ZKROH QHUYH
FRQGXLWV LQ RUGHU WR SURYLGH D SURVSHFWLYH SODWIRUP IRU
FRPSDULVRQ RI GLIIHUHQW LQWHUQDO 1*& VFDIIROGV 7KH
HIIHFWLYHQHVV RI WKH PRGHO ZDV GHWHUPLQHG E\
QHXURQDO FHOO FXOWXUH DQG SULPDU\ UDW GRUVDO URRW
JDQJOLRQ H[SODQWV LQ FRQMXQFWLRQ ZLWK FHOOXODU UHVSRQVHV
LQYHVWLJDWHG XVLQJ WKUHHGLPHQVLRQDO ]VWDFN FRQIRFDO
DQG WZRSKRWRQ LPDJLQJ
 0HWKRGV
 &RQGXLW )DEULFDWLRQ
7KUHHGLPHQVLRQDO FRQGXLWV ZHUH IDEULFDWHG E\
PLFURVWHUHROLWKRJUDSK\ 3RO\HWK\OHQH JO\FROGLDFU\ODWH
0Q   JPRO 6LJPD 3RROH 8. ZDV PL[HG ZLWK
 GLSKHQ\OWULPHWK\OEHQ]R\O3KRVSKLQHR[LGH
K\GUR[\PHWK\OSURSLRSKHQRQH  SKRWRLQLWLDWRU
ZWZW 6LJPD WR REWDLQ D SKRWRFXUDEOH YHUVLRQ RI WKH
WDUJHW SRO\PHU $ FURVV VHFWLRQDO LPDJH RI WKH UHTXLUHG
FRQGXLW VL]H  PP LQWHUQDO GLDPHWHU  P ZDOO
WKLFNQHVV ZDV XSORDGHG WR D GLJLWDO PLFURPLUURU
GHYLFH 7H[DV ,QVWUXPHQWV ,QFRUSRUDWHG 86$ DVVRFLDWHG
VRIWZDUH $/3 %DVLF 9L$/8; *PE+ ZKLFK
FRPSULVHG RI D UDQJH RI PLUURUV ZKHUH HDFK  P
VL]H PLUURU UHSUHVHQWHG D  REMHFWWRLPDJH VL]H UDWLR
7KH EHDP RI D  P:  QP ODVHU 9RUWUDQ /DVHU
7HFKQRORJ\ ,QF 86$ ZDV H[SDQGHG DQG DOLJQHG
ZKLOH UXQQLQJ WKURXJK D VSDWLDO ILOWHU DQG D PLUURU VHW
7KH EHDP WKHQ UHDFKHG WKH GLJLWDO PLFURPLUURU GHYLFH
DQG ZDV UHIOHFWHG LQ WKH VKDSH RI WKH XSORDGHG FURVV
VHFWLRQ LPDJH 7KH OLTXLG SUHSRO\PHU ZDV SODFHG
XQGHU D PRWRUL]HG ]D[LV WUDQVODWLRQ VWDJH 7KRUODEV
/WG 8. DVVRFLDWHG VRIWZDUH $37 VRIWZDUH ZKLFK
ZDV PRXQWHG DW WKH OLTXLGDLU LQWHUIDFH &RQWUROOHG E\
YHORFLW\ DQG DFFHOHUDWLRQ WKH ]VWDJH PRYHG GRZQ
LQWR WKH EXON PDWHULDO ZKHUH WKH LUUDGLDWHG UHJLRQV
ZHUH SRO\PHUL]HG 2QFH WKH ILQDO OHQJWK RI WKH
VWUXFWXUH ZDV UHDFKHG WKH ODVHU SRZHU ZDV WXUQHG RII
DQG WKH VWDJH UHWXUQHG WR LWV RULJLQ FDUU\LQJ WKH
FRPSOHWH ' FRQGXLW VWUXFWXUH 8QUHDFWHG SUHSRO\PHU
ZDV ZDVKHG RII ZLWK LVRSURS\O DOFRKRO ,3$ )LVKHU
6FLHQWLILF 8. $OO IDEULFDWHG VWUXFWXUHV ZHUH ZDVKHG
LQ ,3$ IRU  GD\V WR HQVXUH IXOO UHPRYDO RI XQUHDFWHG
SUHSRO\PHU DQG DGGHG SKRWRLQLWLDWRU
 0LFURILEUH )DEULFDWLRQ
7KH IDEULFDWLRQ RI  P 3&/ ILEUHV UHIHUUHG WR DV
PLFURILEUHV ZDV FRQGXFWHG XVLQJ HOHFWURVSLQQLQJ $
SODVWLF V\ULQJH %HFWRQ 'LFNLQVRQ ZDV ILOOHG ZLWK
 3&/ VROXWLRQ ZWZW 6LJPD $OGULFK &R 8. LQ
GLFKORURPHWKDQH )LVKHU 6FLHQWLILF 8. DQG WRSSHG
ZLWK D * EOXQW VWDLQOHVVVWHHO QHHGOH 7KH QHHGOH
3UHFOLQLFDO HYDOXDWLRQ RI DGYDQFHG QHUYH JXLGH FRQGXLWV XVLQJ D QRYHO ' LQ YLWUR WHVWLQJ PRGHO
,QWHUQDWLRQDO -RXUQDO RI %LRSULQWLQJ ±9ROXPH  ,VVXH  
ZDV FRQQHFWHG WR D KLJK YROWDJH VXSSO\ *HQYROW 8.
DQG WKH SRO\PHUORDGHG V\ULQJH SODFHG LQ WKH PRXQW RI
D SURJUDPPDEOH V\ULQJH SXPS :3, (XURSH DQG
FRQVWDQWO\ SXPSHG WKURXJK ZLWK D IORZ UDWH RI 
POKU 3RO\PHU MHW IRUPDWLRQ ZDV DFKLHYHG E\ D
YROWDJH RI  N9 7KH IRUPHG ILEUHV ZHUH FROOHFWHG
RQ DQ HDUWKHG URWDWLQJ DOXPLQLXP FROOHFWRU ,.$
:RUNV ZUDSSHG LQ DOXPLQLXP IRLO ZLWK D URWDWLRQ
VSHHG RI  USP
 &KDUDFWHULVDWLRQ RI 0LFURILEUHV
*ROG FRDWHG HOHFWURVSXQ ILEUH VDPSOHV ZHUH LPDJHG
XVLQJ D ;/ VFDQQLQJ HOHFWURQ PLFURVFRSH 6(0
.RQLQNOLMNH 3KLOLSV 19 RSHUDWLQJ DW  N9 2Q HDFK
DOXPLQLXP ILEUH VKHHW WKUHH SDUDOOHO DUUDQJHG VTXDUHV
ZHUH DQDO\VHG UHJDUGLQJ ILEUH GLDPHWHU DQG GHQVLW\
7KH ILEUH GLDPHWHU ZDV DQDO\VHG XVLQJ D UXOHU WRRO LQ
WKH 6(0 UHODWHG ;/ VRIWZDUH 7KH DPRXQW RI ILEUHV
SHU  P ZHUH FRXQWHG DQG DYHUDJHG RYHU DOO
LPDJHV
 &RPELQDWLRQ RI &RQGXLW DQG 0LFURILEHUV
$SSUR[LPDWHO\ ± 3&/ PLFURILEUHV ZHUH
WKUHDGHG SHU 3(* FRQGXLW 7KH ILEUH VKHHWV ZHUH FXW WR
WKH UHTXLUHG ZLGWK DQG ± FP RI WKH ILEUHV ZHUH
PDQXDOO\ OLIWHG RII LQ WKH GLUHFWLRQ RI WKH ILEUH
DOLJQPHQW 7KHVH ILEUHV ZHUH WZLVWHG EHWZHHQ WKH
ILQJHUV ZKHUH WKH WZLVWHG HQG ZDV XVHG LQ D VLPLODU
PDQQHU WR D QHHGOH 3(* 1*&V ZHUH WKUHDGHG RQWR
3&/ ILEUHV QRQEXQFKHG HQG OLNH SHDUOV RQ D FKDLQ
DQG ILEUH H[FHVV ZDV FXW ZLWK VFLVVRUV $ VFKHPDWLF RI
WKH ZRUNIORZ FDQ EH IRXQG LQ )LJXUH 
 &HOO &XOWXUH LQ :KROH 1HUYH *XLGHV
1*± QHXUREODVWRPD î JOLRPD UDWPRXVH K\EULG
QHXURQDO FHOOV 3XEOLF +HDOWK (QJODQG 8. ZHUH
FXOWXUHG LQ ZKROH QHUYH JXLGHV ZLWK D FHOO FRQFHQWUDWLRQ
RI  î  FHOOV LQ SUROLIHUDWLRQ PHGLXP FRQWDLQLQJ RI
'XOEHFFR¶V 0RGLILHG (DJOH 0HGLXP '0(0 6LJPD
 IRHWDO ERYLQH VHUXP )%6 YY %LRVHUD 
PJP/ DPSKRWHULFLQ 6LJPD  P0 /JOXWDPLQH
6LJPD  XQLWVP/ SHQLFLOOLQ DQG  PJP/
VWUHSWRP\FLQ 6LJPD IRU  GD\V &HOOV ZHUH VHHGHG ZLWK
 / RI FHOO VXVSHQVLRQ E\ GLUHFWO\ SLSHWWLQJ RQ WRS RI
WKH ILEUHV LQ WKH FRQGXLWV 7KH 1*&V ZHUH WUDQVIHUUHG WR
WKH GHVLJQHG FXOWXULQJ VHWXS LQ D ZHOO SODWH DQG FHOOV
ZHUH DOORZHG WR DWWDFK DW  & IRU  PLQXWHV EHIRUH
ZHOOV ZHUH ILOOHG ZLWK SUROLIHUDWLRQ PHGLXP 1HXURQDO
1*± FHOOV ZHUH XVHG EHWZHHQ SDVVDJH ± DQG
FXOWXUHG DW  & LQ D KXPLGLILHG  DLU DQG  &2
DWPRVSKHUH
)LJXUH  $ 6FKHPDWLF ZRUNIORZ RI WKH SURGXFWLRQ RI 3&/
PLFURILEUHV XVLQJ HOHFWURVSLQQLQJ IROORZLQJ WKH SURFHGXUHV RI
'DXG HW DO>@ WKH DQDO\VLV DQG WKUHDGLQJ SURFHGXUH RI PLFURILEUHV
DQG WKH IDEULFDWLRQ RI 3(* FRQGXLWV E\ PLFURVWHUHROLWKRJUDSK\
IROORZLQJ WKH SURFHGXUHV RI 3DWHPDQ HW DO>@ 6(0
PLFURJUDSKV LOOXVWUDWLQJ FRPSRQHQWV RI WKH QHUYH JXLGH WHVWLQJ
GHYLFH % $  PP ORQJ KROORZ 3(* 1*& IDEULFDWHG E\
PLFURVWHUHROLWKRJUDSK\ DQG & 3&/ PLFURILEUHV VSXQ E\
HOHFWURVSLQQLQJ ' &RQGXLW DQG PLFURILEUHV ZHUH FRPELQHG
LQWR D ILQDO WHVWLQJ QHUYH JXLGH GHYLFH
 )DFWLQ /DEHOOLQJ RI 1HXURQDO &HOOV
1* QHXURQDO FHOOV ZHUH IL[HG ZLWK 
SDUDIRUPDOGHK\GH 3)$ YY LQ GLVWLOOHG ZDWHU
6LJPD LQ ZKROH 1*&V IRU  K )RU IXUWKHU VWDLQLQJ
SURFHGXUHV WKH 3&/ PLFURILEUH ILOOLQJ ZDV
FDUHIXOO\ UHPRYHG IURP WKH 1*& E\ XVLQJ IRUFHSV
DQG IL[HG RQ DQ REMHFWLYH VOLGH &HOO PHPEUDQH
SHUPHDELOLVDWLRQ ZDV FRQGXFWHG ZLWK  7ULWRQ
; ZY 6LJPD LQ SKRVSKDWH EXIIHUHG VDOLQH
3%6 7KHUPR 6FLHQWLILF IRU RQH KRXU &\WRVNHOHWRQ¶V
)DFWLQ ZDV YLVXDOLVHG E\ XVLQJ SKDOORLGLQ
FRQMXJDWHG WR WHWUDPHWK\OUKRGDPLQH 75,7& YY
 GLOXWLRQ LQ 3%6 6LJPD DQG FHOO QXFOHL
ZHUH ODEHOOHG ZLWK 
GLDPLGLQRSKHQ\OLQGROH
'$3,  Q0 6LJPD IRU  K DW URRP WHPSHUDWXUH
 /LYH'HDG &HOO 6WDLQLQJ RI 1HXURQDO &HOOV
7R GLVWLQJXLVK OLYH DQG GHDG QHXURQDO FHOOV YLVXDOO\
OLYLQJ FHOOV ZHUH VWDLQHG JUHHQ E\ XVLQJ  6\WR 
YY 7KHUPR )LVKHU 6FLHQWLILF DQG GHDG FHOOV UHG E\
XVLQJ  SURSLGLXP LRGLGH YY 7KHUPR )LVKHU
6FLHQWLILF LQ VHUXPIUHH PHGLXP SUROLIHUDWLRQ
PHGLXP GHSULYHG IURP VHUXP &HOOV ZHUH LQFXEDWHG
0HKUL %HKEHKDQL HW DO
,QWHUQDWLRQDO -RXUQDO RI %LRSULQWLQJ ±9ROXPH  ,VVXH 
LQ WKH VWDLQLQJ VROXWLRQ IRU  PLQ DW  & &RQIRFDO
LPDJLQJ ZDV FRQGXFWHG LQ 3%6 LPPHGLDWHO\ DIWHU
VWDLQLQJ GHWDLOV EHORZ
 'RUVDO 5RRW *DQJOLRQ ,VRODWLRQ DQG &XOWXUH
0DOH :LVWDU UDWV DJHG ± ZHHNV ZHUH VDFULILFHG E\
FHUYLFDO GLVORFDWLRQ VFKHGXOH , SURFHGXUH 8. +RPH
2IILFH 5DWV ZHUH VNLQQHG DQG WKH VSLQH ZDV UHPRYHG
'5*V ZHUH H[WUDFWHG DIWHU WKH VSLQH ZDV FXW RSHQ
GRUVDO VLGH IDFLQJ XS DQG WKH VSLQDO FRUG DQG
PHQLQJHV ZHUH UHPRYHG 7KH QHUYH URRWV RI HDFK
'5* ZHUH WULPPHG DQG H[SODQW '5* ERGLHV SODFHG
RQ WRS RI WKH QHUYH JXLGHV RQH '5* ERG\ SHU
FRQGXLW ZKLFK ZHUH KHOG LQ SODFH E\ WKH GHVFULEHG
VHWXS '5*V ZHUH LQFXEDWHG DW  & IRU  PLQ WR
DOORZ DWWDFKPHQW $IWHUZDUGV VDPSOHV ZHUH IXOO\
FRYHUHG ZLWK SUROLIHUDWLRQ PHGLXP DQG LQFXEDWHG DW
 & LQ D KXPLGLILHG  DLU DQG  &2 DWPRVSKHUH
IRU  GD\V
 ȕ,,,WXEXOLQ DQG 6ȕ /DEHOOLQJ RI 'RUVDO
5RRW *DQJOLD
,Q RUGHU WR UHYHDO QHXURQVSHFLILF SURWHLQ ȕ,,,WXEXOLQ
DQG 6FKZDQQ FHOOVSHFLILF SURWHLQ 6ȕ LP
PXQRODEHOOLQJ ZDV FRQGXFWHG $IWHU IL[DWLRQ ZLWK
 3)$ IRU  K DQG SHUPHDELOLVLQJ FHOO PHPEUDQHV
ZLWK  7ZHHQ ; IRU  K SURWHLQ ELQGLQJ VLWHV
ZHUH EORFNHG ZLWK  ERYLQH VHUXP DOEXPLQ %6$
ZY LQ 3%6 )OXND IRU  PLQ DQG VXEVHTXHQWO\
ZDVKHG ZLWK 3%6 $QWLȕ,,,WXEXOLQ SULPDU\ PRXVH
DQWLERG\  LQ  YY %6$ 3URPHJD *
DQG DQWL 6ȕ SULPDU\ UDEELW DQWLERG\  LQ 
YY %6$ $EFDP $E ZHUH DGGHG WR WKH VDPSOHV
IRU  K DW  & IROORZHG E\ WKUHH ZDVKHV LQ 3%6
7KH VHFRQGDU\ DQWLERGLHV KRUVH DQWLPRXVH OJ*
FRQMXJDWHG WR 7H[DV 5HG  LQ  %6$ 9HFWRU
/DERUDWRULHV 7, DQG JRDW DQWLUDEELW OJ*
FRQMXJDWHG WR IOXRUHVFHLQ LVRWKLRF\DQDWH ),7&
 LQ  %6$ 9HFWRU /DERUDWRULHV )
ZHUH DGGHG WR WKH VDPSOHV DQG LQFXEDWHG IRU  PLQ
DW URRP WHPSHUDWXUH %HIRUH LPDJLQJ VDPSOHV ZHUH
ZDVKHG WKHQ UHVXEPHUJHG LQ 3%6
 &RQIRFDO DQG SKRWRQ /DVHU 0LFURVFRS\
)RU LPDJLQJ VDPSOHV D =HLVV /60  0(7$
FRQIRFDO PLFURVFRSH &DUO =HLVV /WG 8. ZLWK D 
QP DQG D  QP ODVHU ZDV XVHG '$3, VWDLQHG
VDPSOHV ZHUH LPDJHG XVLQJ DQ DGGLWLRQDO SKRWRQ 
QP ODVHU &KDPHOHRQ 8OWUD ,,, &RKHUHQW ,QF 86$
6DPSOHV ZHUH DUUDQJHG LQ D ZHOO SODWH RU ZHUH IL[HG
RQ D JODVV PLFURVFRSH VOLGH DQG LPDJHG LQ 3%6 XVLQJ
D î PDJQLILFDWLRQ =HLVV: 3ODQ $FKURPDW ZDWHU
GLSSLQJ REMHFWLYH OHQV )RU LPDJLQJ ),7& DQG 6<72
ODEHOOHG VDPSOHV LQFLGHQW DQG H[FLWDWLRQ ZDYHOHQJWKV
RI ȜH[   QPȜHP   QP ZHUH XVHG DQG
ZDYHOHQJWKV RI ȜH[   QPȜHP   QP WR LPDJH
7H[DV 5HG 75,7& DQG SURSLGLXP LRGLGHODEHOOHG
VDPSOHV &HOO QXFOHL ZHUH YLVXDOL]HG DW ȜH[  
QPȜHP   QP ,PDJHV ZHUH VWLWFKHG WRJHWKHU DQG
DQDO\VHG XVLQJ =HLVV /60 ,PDJH %URZVHU VRIWZDUH
DQG ,PDJH -  1DWLRQDO ,QVWLWXWH RI +HDOWK 86$
)LJXUH  /HIW 6FKHPDWLF RI WKH GHVLJQHG ' PRGHO VHWXS WR
HYDOXDWH WKH LQWHUQDO QHUYH JXLGH VFDIIROGV LQ YLWUR DQG H[ YLYR
5LJKW 3KRWRJUDSK RI WKH H[SHULPHQWDO VHWXS &HOO FXOWLYDWLRQ
ZDV FRQGXFWHG GLUHFWO\ LQVLGH WKH LQFRUSRUDWHG VFDIIROGV )RU H[
YLYR DQDO\VLV GRUVDO URRW JDQJOLD '5*V LVRODWHG IURP UDW
VSLQHV ZHUH SODFHG RQ WRS RI WKH VFDIIROGV 7KH WHVW 1*&
GHYLFH  ZDV ILWWHG ZLWK DQ DGDSWHU  7R D SHUIRUDWHG PHWDO
SODWH  $QG VHFXUHG LQ D ZHOO RI D FRPPHUFLDO ZHOO SODWH
 ,Q RUGHU WR SHUIRUP FHOO FXOWXUH H[SHULPHQWV ZHOOV ZHUH
ILOOHG ZLWK FXOWXUH PHGLXP  8QWLO 1*&V ZHUH FRYHUHG
 6WDWLVWLFV
'DWD DUH VKRZQ DV PHDQ  6' RI WKUHH LQGHSHQGHQW
H[SHULPHQWV ZKHUH HDFK H[SHULPHQW KDV EHHQ
FRQGXFWHG LQ WULSOLFDWH H[FHSW IRU WKH DQDO\VLV RI
PLFURILEUHV XVLQJ '5*V ZKHUH HDFK H[SHULPHQW KDG D
VDPSOH VL]H RI IRXU 6WDWLVWLFDO GLIIHUHQFHV ZHUH
WHVWHG E\ RUGLQDU\ RQHZD\ $129$ 7XNH\¶V PXOWLSOH
FRPSDULVRQV WHVW DQG GLIIHUHQFHV ZHUH FRQVLGHUHG
VLJQLILFDQW ZKHQ S  
 5HVXOWV
7KH DLP RI WKLV VWXG\ ZDV WR GHYHORS D ' PRGHO WR
WHVW PLFURILEUHV DV D SRWHQWLDO LQWUDOXPLQDO JXLGH LQ
QHUYH FRQGXLWV LQ YLWUR ZLWK DQ LPDJLQJ WHFKQLTXH WKDW
DGYDQFHV EH\RQG PRUH WUDGLWLRQDO DQG WLPH FRQVXPLQJ
DSSURDFKHV OLNH VDPSOH VHFWLRQLQJ DQG KLVWRORJ\ 7KH
PDMRU ILQGLQJ RI WKH VWXG\ GHVFULEHV D PRGHO WKDW
3UHFOLQLFDO HYDOXDWLRQ RI DGYDQFHG QHUYH JXLGH FRQGXLWV XVLQJ D QRYHO ' LQ YLWUR WHVWLQJ PRGHO
,QWHUQDWLRQDO -RXUQDO RI %LRSULQWLQJ ±9ROXPH  ,VVXH  
VXSSRUWHG WKH FXOWXULQJ RI SULPDU\ DQG QRQSULPDU\
QHXURQDO DQG 6FKZDQQ FHOOV E\ IROORZLQJ VWDQGDUG FHOO
FXOWXUH SURWRFROV LQ D PRUH FRPSOH[ PXOWLOD\HUHG
HQYLURQPHQW UHSUHVHQWHG E\ WKH FRQGXLW VFDIIROG
DUFKLWHFWXUH XQGHU LQYHVWLJDWLRQ
 'HVLJQ RI WKH ,Q 9LWUR 7HVWLQJ 6HWXS DQG
([DPSOH 'HYLFH
7KH GHYHORSHG ' PRGHO XVHG D 3(* QHUYH JXLGH
FRQGXLW ILOOHG ZLWK 3&/ PLFURILEUHV EDVHG RQ WKH
SURFHGXUHV GHYHORSHG E\ 3DWHPDQ HW DO>@ DQG 'DXG
HW DO>@ )LJXUH $ VKRZV D GHWDLOHG VFKHPDWLF RI WKH
SURGXFWLRQ RI 3(* FRQGXLWV ZLWK DQ LQWHUQDO 3&/
PLFURILEUH VFDIIROG 3(* FRQGXLWV IDEULFDWHG E\
PLFURVWHUHROLWKRJUDSK\ PHDVXUHG  PP LQ OHQJWK DQG
KDG DQ LQWHUQDO GLDPHWHU RI  PP ZLWK D ZDOO
WKLFNQHVV RI  P )LJXUH % 7KH LQWHUQDO OXPHQ
GLDPHWHU ZDV GHVLJQHG WR ILW D UDW GRUVDO URRW JDQJOLRQ
IRU H[ YLYR FRQGXLW WHVWLQJ 3&/ ZDV HOHFWURVSXQ WR
DOLJQHG ILEUHV )LJXUH & ZKLFK KDG DQ DYHUDJH ILEUH
GLDPHWHU RI    P 7KH H[DPSOH GHYLFH ZDV
IDEULFDWHG E\ FRPELQLQJ WKH DERYH WR D 3(* 1*&
ZLWK DQ LQWHUQDO DOLJQHG ILEUH VFDIIROG WR LQYHVWLJDWH
FHOO¶V EHKDYLRXU LQ UHVSRQVH WR WKH LQWURGXFHG LQWHUQDO
JXLGH LQ D UHDG\WRLPSODQW GHYLFH )LJXUH ' 3&/
PLFURILEUHV LQVLGH H[DPSOH 3(* FRQGXLWV ZHUH WHVWHG
XVLQJ D GHYHORSHG WHVWLQJ VHWXS WKDW FRPSULVHG RI WZR
FRPSRQHQWV D VWDLQOHVV VWHHO SHUIRUDWHG PHWDO SODWH
DQG D SRO\VW\UHQH DGDSWHU WR PDWFK FRQGXLW VL]H DQG
WKH PHWDO VWDJH )LJXUH  0HWDO VWDJHV DQG
SRO\VW\UHQH DGDSWHUV ZHUH VWHULOLVHG E\ DXWRFODYLQJ
DQG  HWKDQRO WUHDWPHQW UHVSHFWLYHO\ 7KH VHWXS
ZDV FRPSDWLEOH WR D VWDQGDUG ZHOO SODWH DQG
FRXOG EH XVHG WR LQYHVWLJDWH GLIIHUHQW FRQGXLW VL]HV
ZKHUH FRQGXLW OHQJWK DQDO\VLV ZDV RQO\ OLPLWHG E\ WKH
ZHOO KHLJKW
 &HOO 2ULHQWDWLRQ $QDO\VLV LQ WKH ' 1HUYH
*XLGH $UFKLWHFWXUH
,Q RUGHU WR VXFFHVVIXOO\ DQDO\VH WKH EHKDYLRXU RI
QHXURQDO FHOOV RQ LQWHUQDO 1*& VFDIIROGV NH\
TXHVWLRQV RI FHOO DWWDFKPHQW DQG GLVWULEXWLRQ RQ WKH
VFDIIROGV QHHGV WR EH DQVZHUHG 1HXURQDO 1*
FHOOV ZHUH FXOWXUHG IRU  GD\V DQG WKHLU PRUSKRORJ\
LQYHVWLJDWHG E\ UHYHDOLQJ FHOO QXFOHL DQG F\WRVNHOHWRQ
ZLWK '$3, DQG )DFWLQELQGLQJ SKDOORLGLQ )LJXUH $
VKRZV DQ 6(0 LPDJH RI WKH H[SHULPHQWDO 1*&
GHYLFH FRPSULVLQJ 3&/ PLFURILEUHV LQVLGH WKH OXPHQ
RI D WXEXODU 3(* FRQGXLW 1HXURQDO FHOOV ZHUH VHHGHG
RQ LQWHUQDO ILEUH VFDIIROGV LQ ZKROH 1*&V XVLQJ WKH
GHVFULEHG VHWXS )LJXUH  DQG IROORZHG VWDQGDUG FHOO
VHHGLQJ SURFHGXUHV E\ GLUHFWO\ DSSO\LQJ WKH FHOO
VXVSHQVLRQ RQ WKH QHUYH JXLGH VFDIIROG ZLWKRXW WKH
QHHG RI D SXPS SHUIXVLRQ V\VWHP IRU WKH VXSSO\ RI
PHGLXP $V VKRZQ LQ )LJXUHV % DQG & QHXURQDO
FHOO RULHQWDWLRQ RQ WKH LQWHUQDO ILEUH VFDIIROG ZDV
FRPSDUHG WR FHOOV RQ 7&3 ,Q PRQROD\HU FHOOV DUH
UDQGRPO\ DUUDQJHG DQG HYHQO\ DWWDFKHG WR WKH 7&3
VXEVWUDWH )LJXUH %
)LJXUH  &RQIRFDO PLFURVFRS\ LPDJHV RI QHXURQDO FHOOV LQ
QHUYH JXLGHV ILOOHG ZLWK 3&/ PLFURILEUHV $ 1HXURQDO
1*± FHOOV ZHUH FXOWXUHG LQ  PP ORQJ 3(* 1*&V ZLWK
DQ LQWHUQDO DOLJQHG 3&/ PLFURILEUH VFDIIROG LQ SUROLIHUDWLRQ
PHGLXP IRU  GD\V 1HXURQV ZHUH ODEHOOHG ZLWK )DFWLQELQGLQJ
SKDOORLGLQ75,7& UHG DQG '$3, EOXH WR UHYHDO
F\WRVNHOHWRQV DQG QXFOHL UHVSHFWLYHO\ % 7&3 ZDV XVHG DV D
IODW VXEVWUDWH FRQWURO RQ ZKLFK QHXURQV ZHUH UDQGRPO\
RULHQWDWHG & 1HXURQV FXOWXUHG LQ ZKROH 1*&V RULHQWDWHG
ZLWK WKH 3&/ ILEUH DOLJQPHQW LQVLGH ZKROH 3(* QHUYH JXLGHV
$UURZV LQGLFDWH WKH GLUHFWLRQ RI PLFURILEUHV LQ WKH 1*&V
6FDOH EDUV   P
,Q )LJXUH & LW LV FOHDUO\ GHPRQVWUDWHG KRZ
QHXURQDO FHOOV FKDQJHG WKHLU RULHQWDWLRQ ZKHQ
LQWURGXFHG WR DQ DOLJQHG VFDIIROG LQVLGH WKH FRQGXLW
'XH WR WKH UHVWULFWHG JURZWK DUHD QHXURQV DWWDFKHG
DORQJ WKH ILEUH GLUHFWLRQ DQG DSSHDUHG DV FHOOXODU EDQGV
$GGLWLRQDOO\ FXOWXUH FRPSOH[LW\ ZDV UHDFKHG WKURXJK
VHYHUDO PLFURILEUH OD\HUV LQVLGH WKH 1*& ZKHUH
QHXURQV FRXOG DWWDFK DQG HORQJDWH LQ WZR GLPHQVLRQV
RQ WKH PLFURILEUH VFDIIROG ZLWK FHOOFHOO FKHPLFDO
FRPPXQLFDWLRQ LQ D WKUHHGLPHQVLRQDO HQYLURQPHQW
7KH GLVWULEXWLRQ RI QHXURQDO FHOOV LQVLGH WKH H[SHULPHQWDO
1*& GHYLFH ZDV HYDOXDWHG E\ ]VWDFN FRQIRFDO
PLFURVFRS\ WR FDSWXUH WKH FRPSOHWH PXOWLOD\HUHG
LQWHUQDO FRQGXLW DUFKLWHFWXUH 0LFURVFRSH LPDJHV ZHUH
WDNHQ IURP WKUHH GLIIHUHQW SRVLWLRQV RI WKH ILEUH
VFDIIROGV )LJXUH $ DQG VWDFNHG WRJHWKHU WR '
SURMHFWLRQV IRU DQDO\VLV )URP WKH GDWD LQ )LJXUH % LW
LV DSSDUHQW WKDW QHXURQDO FHOOV DWWDFKHG DORQJ WKH
PLFURILEUHV RQ DOO WKUHH SRVLWLRQV LPDJHG 'HVSLWH WKH
SUHVHQFH RI QHXURQV LQ WKH HQWLUH ILEUH VFDIIROG
DWWDFKPHQW ZDV DOVR IRXQG RQ WKH GLIIHUHQW ILEUH OD\HUV
LOOXVWUDWHG LQ WKH ' SURMHFWLRQV )LJXUH % $OLJQHG
QHXURQDO DWWDFKPHQW ZDV GHWHFWHG ERWK LQ ILEUH GHSWK
0HKUL %HKEHKDQL HW DO
,QWHUQDWLRQDO -RXUQDO RI %LRSULQWLQJ ±9ROXPH  ,VVXH 
LOOXVWUDWHG E\ VLQJOH LPDJHV DQG DORQJ WKH ZKROH
WXEH LOOXVWUDWHG E\ LPDJHV WDNHQ RQ WKUHH GLIIHUHQW
SRVLWLRQV )LJXUH % 7RJHWKHU WKHVH UHVXOWV SURYLGH
LQVLJKW LQWR QHXURQDO DWWDFKPHQW DOLJQPHQW DQG
GLVWULEXWLRQ RQ 3&/ PLFURILEUHV LQFRUSRUDWHG LQWR
1*&V ZKHQ XVLQJ WKH GHYHORSHG FXOWXUH PRGHO ZKHUH
QHXURQV RULHQWDWHG OLNH WKH\ ZRXOG GR DV EDQGV RI
%QJQHU LQ SHULSKHUDO QHUYH UHJHQHUDWLRQ LQ YLYR
)LJXUH  ' FRQIRFDO PLFURVFRS\ LPDJHV RI QHXURQDO FHOO
GLVWULEXWLRQ RQ DOLJQHG 3&/ ILEUHV LQ ZKROH QHUYH JXLGHV 7KH
LQFLGHQFH RI QHXURQDO 1*± FHOOV ZHUH HYDOXDWHG RQ WKUHH
GLIIHUHQW SRVLWLRQV WKURXJKRXW WKH 1*& DQG QHXURQV
UHYHDOHG E\ SKDOORLGLQ 75,7& DQG '$3, )RU FRQIRFDO
PLFURVFRS\ WKH ILEUHV ZHUH WDNHQ RXW RI WKH WXEH DQG PRXQWHG
RQ D JODVV PLFURVFRSH VOLGH $ *UDSKLFDO UHSUHVHQWDWLRQ RI DQ
1*& ZLWK LQFRUSRUDWHG DOLJQHG ILEUHV 7KH DUURZ LQGLFDWHV WKH
SRVLWLRQ ZKHUH FHOOV ZHUH VHHGHG LQ WKH WXEHV ,PDJLQJ ZDV
FRQGXFWHG LQ WKUHH GLIIHUHQW SRVLWLRQV RQ WKH ILEUHV
LOOXVWUDWHG E\ QXPEHUV % ' ]SURMHFWLRQ FRQIRFDO LPDJHV
RI QHXURQDO FHOO GLVWULEXWLRQ RQ PLFURILEUHV LQVLGH 1*&V
=VWDFN LPDJHV GHSWK ׽ P ZHUH WDNHQ DW WKUHH GLIIHUHQW
SRVLWLRQV DV LOOXVWUDWHG LQ $ $UURZ LQGLFDWHV WKH GLUHFWLRQ RI
PLFURILEUHV LQ WKH 1*&V
 &HOO 6XUYLYDO ,QVLGH 0LFURILEUHILOOHG 1*&V
&HOO YLDELOLW\ QRW RQO\ SOD\V DQ LPSRUWDQW UROH IRU WKH
LQ YLWUR DQDO\VLV DQG HYDOXDWLRQ RI FHOO EHKDYLRXU DQG
SURSHUWLHV EXW LV DOVR FUXFLDO LQ WKH LQMXU\ VLWH WR
PDLQWDLQ DV PDQ\ YLDEOH FHOOV DV SRVVLEOH WR LQFUHDVH
HIIHFWLYHQHVV RI WLVVXH UHJHQHUDWLRQ ,Q WKH GHVFULEHG
PRGHO QHXURQDO FHOOV ZHUH VHHGHG ZLWK JUHDWHU
QXPEHUV SHU DUHD WKDQ RQ IODW PRQROD\HU VXEVWUDWHV
DQG ZHUH VXUURXQGHG E\ WKH FRQGXLW ZDOOV VWUXFWXUDOO\
PLPLFNLQJ D SHULSKHUDO QHUYH ZKHUHDV LQ FRQWUDVW
PRQROD\HU FXOWXUHG FHOOV DUH H[SRVHG WR DQ RSHQ
V\VWHP ZLWK XQUHVWULFWHG PHGLXP VXSSO\ %DVHG RQ
WKHVH FXOWXULQJ GLIIHUHQFHV D FRPSDUDWLYH RYHUYLHZ
VWDLQLQJ RI OLYH DQG GHDG QHXURQDO FHOOV ZDV
FRQGXFWHG EHWZHHQ FHOOV RQ PRQROD\HU 7&3 VXEVWUDWHV
RU 3&/ UHVSHFWLYHO\ DQG FHOOV ZKLFK ZHUH FXOWXUHG RQ
3&/ PLFURILEUH VFDIIROGV LQVLGH 1*&V )LJXUH $±&
1HXURQDO FHOOV DWWDFKHG DQG H[SDQGHG LQ GLIIHUHQW
SDWWHUQV RQ WKH WKUHH GLIIHUHQW VXEVWUDWHV 2Q 7&3
QHXURQV GLVWULEXWHG HYHQO\ RYHU WKH HQWLUH PRQROD\HU
VXEVWUDWH )LJXUH $ ZKHUH FHOOV RQ 3&/ ILOPV
VKRZHG D FOXPSHG DUUDQJHPHQW )LJXUH % 1HXURQV
FXOWXUHG RQ PLFURILEUHV LQVLGH WKH 1*& GHYLFH IRUPHG
DOLJQHG FHOOXODU EDQGV LQ WKH GLUHFWLRQ RI WKH ILEUHV
)LJXUH &
)LJXUH  2YHUYLHZ RI OLYH DQG GHDG QHXURQDO FHOOV LQ WKH
SURSRVHG ' PRGHO 1*± QHXURQDO FHOOV ZHUH FXOWXUHG
RQ 7&3 $ 3&/ ILOPV % DQG RQ 3&/ PLFURILEUHV LQVLGH WKH
1*& WHVW GHYLFH & IRU  GD\V /LYH FHOOV ZHUH LGHQWLILHG ZLWK
6\WR  JUHHQ DQG GHDG FHOOV ZLWK SURSLGLXP LRGLGH UHG &HOO
LPDJLQJ RQ ILEUHV ZDV FRQGXFWHG LQ WKH FHQWUH RI WKH VFDIIROG LQ
]VWDFNV GHSWK  P DQG ZDV LOOXVWUDWHG DV PD[LPXP
LQWHQVLW\ LPDJHV $UURZ LQGLFDWHV WKH ILEUH RULHQWDWLRQ LQ 1*&V
' VKRZV WKH SHUFHQWLOH GLVWULEXWLRQ RI OLYLQJ GDUN EDUV DQG
GHDG FHOOV OLJKW EDUV LQ WKH WKUHH GLIIHUHQW FRQGLWLRQV $±&
/LYLQJ FHOOV RQ 7&3 DFFRXQWHG     RQ 3&/ ILOPV
    DQG     RQ PLFURILEUHV LQ 1*&V LQ
UHODWLRQ WR WKH WRWDO FHOO SRSXODWLRQ 1R VLJQLILFDQW QV
GLIIHUHQFHV EHWZHHQ GDWD SRLQWV RI OLYLQJ FHOOV RQ 7&3 DQG
PLFURILEUHV LQVLGH 1*&V FRXOG EH IRXQG ZKHUH VLJQLILFDQFH
ZDV VHHQ EHWZHHQ 7&3 DQG 3&/ ILOPV 'DWD SRLQWV RI OLYLQJ
FHOOV ZHUH DQDO\VHG E\ RQHZD\ $129$ S  
6FDOH EDU   P
$GGLWLRQDOO\ WKH UDWLR RI YLDEOH QHXURQDO FHOOV
YDULHG EHWZHHQ  DQG  ZKHUH WKH KLJKHVW
QXPEHUV RI OLYLQJ FHOOV FRXOG EH VHHQ ZLWK PRUH WKDQ
 YLDELOLW\ RQ PLFURILEUHV LQ 1*&V DQG RQ WKH IODW
7&3 FRQWURO 1R VLJQLILFDQW GLIIHUHQFHV FRXOG EH
VHHQ EHWZHHQ OLYLQJ RU GHDG QHXURQDO FHOOV FXOWXUHG RQ
PLFURILEUHV LQVLGH WKH 1*& GHYLFH DQG WKH 7&3
FRQWURO +RZHYHU D VLJQLILFDQW GHFUHDVH LQ OLYLQJ
3UHFOLQLFDO HYDOXDWLRQ RI DGYDQFHG QHUYH JXLGH FRQGXLWV XVLQJ D QRYHO ' LQ YLWUR WHVWLQJ PRGHO
,QWHUQDWLRQDO -RXUQDO RI %LRSULQWLQJ ±9ROXPH  ,VVXH  
QHXURQDO FHOOV ZDV REVHUYHG EHWZHHQ 3&/ ILOPV DQG
7&3 7DNHQ WRJHWKHU PLFURILEUHV VXSSRUWHG WKH
DOLJQPHQW RI QHXURQDO FHOOV \LHOGHG LQ OLYLQJ FHOO
QXPEHUV JUHDWHU WKDQ  DQG \LHOGHG LQ KLJKHU
QXPEHUV RI OLYLQJ FHOOV FRPSDUHG WR WKH IODW 3&/
FRQWURO
 ([ YLYR GRUVDO URRW JDQJOLRQ FXOWXUH
6FKZDQQ FHOO SUROLIHUDWLRQ DQG PLJUDWLRQ IURP WKH
SUR[LPDO WR WKH GLVWDO QHUYH VWXPS LV RQH PDMRU NH\
HYHQW LQ SHULSKHUDO QHUYH UHJHQHUDWLRQ WR SURYLGH
JXLGDQFH IRU UHJURZLQJ D[RQV LQ RUGHU WR VXFFHVVIXOO\
UHLQQHUYDWH WDUJHW HIIHFWRUV RQ GLVWDO VLWH
6LPXODWLQJ WKH SUR[LPDO LQMXU\ VLWH LQ YLWUR D UDW
GRUVDO URRW JDQJOLRQ ZDV SODFHG RQ WRS RI WKH
H[DPSOH 1*& GHYLFH IRU LQYHVWLJDWLRQV RQ LQWHUQDO
VFDIIROG SHUIRUPDQFH E\ DQDO\VLQJ 6FKZDQQ FHOO
SUROLIHUDWLRQ DQG D[RQ RXWJURZWK DORQJ WKH
PLFURILEUH VFDIIROG IURP WKH H[SODQW WRZDUGV WKH
WXEH HQG LOOXVWUDWHG LQ )LJXUH $ 'RUVDO URRW
JDQJOLD KDYH EHHQ FKRVHQ DV WKH\ DFFRPPRGDWH
VHQVRU\ QHXURQDO FHOO ERGLHV 6FKZDQQ FHOOV DQG
ILEUREODVWLF FHOOV DQG UHSUHVHQW D PRUH LQ YLYR OLNH
HQYLURQPHQW ZLWK SULPDU\ FHOOV LQ D FRFXOWXUH
DUUDQJHPHQW ,Q RUGHU WR DQDO\VH WKH VXFFHVV RI WKH
GLVVHFWLRQ SURFHGXUH DQG WKH DELOLW\ RI PLFURILEUHV
WR VXSSRUW '5* RXWJURZWK '5*V VXUYLYDO DQG
DWWDFKPHQW WR WKH 1*& GHYLFH ZHUH DQDO\VHG 7KH
QXPEHU RI DWWDFKHG '5*V WR WKH FRQGXLW VFDIIROGV
ZDV GHWHUPLQHG YLVXDOO\ DQG ZDV QRUPDOLVHG WR WKH
WRWDO QXPEHU RI LVRODWHG '5*V ,Q DGGLWLRQ WKH
QXPEHU RI '5*V ZHUH FRXQWHG ZKHUH PLFURILEUHV
VXSSRUWHG WKH RXWJURZWK RI FHOOV IURP WKH
'5* ERG\ DQG QXPEHUV H[SUHVVHG LQ UHODWLRQ WR DOO
GLVVHFWHG '5*V 0RUH WKDQ  RI DOO LVRODWHG
'5*V IURP PDOH :LVWDU UDWV LQ WKH DJH RI ±
ZHHNV DWWDFKHG WR WKH QHUYH JXLGHV XVLQJ WKH
GHVFULEHG VHWXS ZKHUH PRUH WKDQ  RI WKH
H[SODQWV VKRZHG SRVLWLYH ODEHOOLQJ IRU 6ȕ DQG
ȕ,,, WXEXOLQ DZD\ IURP WKH JDQJOLRQ ERG\ )LJXUH
& ,Q RUGHU WR DQDO\VH WKH FHOO RXWJURZWK GLVWDQFH
IURP WKH '5* ERG\ WRZDUGV WKH WXEH HQG WKH
LQFRUSRUDWHG 3&/ PLFURILEUH VFDIIROG ZDV UHPRYHG
IURP WKH FRQGXLW DIWHU  GD\V RI FXOWXUH DQG
6FKZDQQ FHOOV ODEHOOHG IRU 6ȕ JUHHQ IOXRUHVFHQW
VLJQDO DQG D[RQV IRU ȕ,,, WXEXOLQ UHG IOXRUHVFHQW
VLJQDO )LJXUH %
)LJXUH  ([ YLYR HYDOXDWLRQ RI PLFURILEUHV LQ ZKROH QHUYH
JXLGHV '5*V ZHUH SODFHG RQ WRS RI WKH 1*& WHVW GHYLFHV WR
HYDOXDWH WKH SHUIRUPDQFH RI WKH PLFURILEUH VFDIIROG E\
DQDO\VLQJ WKH RXWJURZWK EHKDYLRXU RI FHOOV DORQJ WKH VFDIIROG
$ *UDSKLFDO LOOXVWUDWLRQ RI WKH RXWJURZWK RI SUROLIHUDWLQJ
PLJUDWLQJ 6FKZDQQ FHOOV 6& LOOXVWUDWHG LQ JUHHQ DQG WKH
H[WHQVLRQ RI D[RQV IURP VHQVRU\ QHXURQDO FHOO ERGLHV
LOOXVWUDWHG LQ UHG IURP WKH '5* ERG\ SUR[LPDO VLWH DORQJ
WKH PLFURILEUHV WR WKH WXEH HQG GLVWDO VLWH % &RQIRFDO
PLFURVFRS\ ]SURMHFWLRQ GHSWK ׽ P RI WKH RXWJURZWK RI
6FKZDQQ FHOOV LPPXQRF\WRFKHPLFDOO\ODEHOOHG IRU 6ȕ
JUHHQ DQG D[RQV LPPXQRF\WRFKHPLFDOO\ODEHOOHG IRU
ȕ,,,WXEXOLQ UHG DORQJ 3&/ PLFURILEUHV LQ D  PP ORQJ 3(*
1*& & ([ YLYR SHUIRUPDQFH RI WKH GHYHORSHG FXOWXUH VHWXS
)URP DOO LVRODWHG '5*V     DWWDFKHG WR WKH 1*& WHVW
GHYLFH XVLQJ WKH SURSRVHG VHWXS IURP ZKLFK  VKRZHG DQ
RXWJURZWK RI FHOOV LQWR WKH WHVW FRQGXLW ' ,Q WKH  PP ORQJ
1*& GHYLFHV 6FKZDQQ FHOOV SUROLIHUDWHG LQ DYHUDJH   
PP LQWR WKH FRQGXLWV ZKHUH D[RQV JUHZ RXW    PP LQ
 GD\V RI FXOWXUH
0HKUL %HKEHKDQL HW DO
,QWHUQDWLRQDO -RXUQDO RI %LRSULQWLQJ ±9ROXPH  ,VVXH 
*UHHQ IOXRUHVFHQFH IURP D[RQV ȕ,,, WXEXOLQ FRXOG EH
VHHQ VLPXOWDQHRXVO\ ZKHUH 6FKZDQQ FHOOV ZHUH
ORFDWHG 7KH FRORFDOL]DWLRQ FRXOG EH LGHQWLILHG E\
DQ RYHUOD\ RI JUHHQ DQG UHG IOXRUHVFHQW VLJQDOV
DSSHDULQJ LQ D \HOORZRUDQJH FRORXU )LJXUH %
7KH GLVWDQFH WKDW QHXURQDO DQG 6FKZDQQ FHOOV
LQILOWUDWHG LQWR WKH FRQGXLW ZDV GHILQHG DV WKH ODVW
GHWHFWDEOH VLJQDO VHHQ GLVWDQW IURP WKH '5* ERG\
7KH GLVWDQFH RI RXWJURZQ FHOOV ZDV RI SDUWLFXODU
LPSRUWDQFH DV GHPRQVWUDWLQJ WKH PLFURILEUHV
HIILFLHQF\ WR VXSSRUW FHOO LQILOWUDWLRQ LQ D VLPXODWHG
QHUYH OHVLRQ LQ YLWUR 6FKZDQQ FHOOV PLJUDWHG DQG
SUROLIHUDWHG    PP DORQJ WKH DOLJQHG
PLFURILEUH VFDIIROG LQVLGH WKH 1*&V ZKHUH
QHXURQDO FHOOV VKRZHG WKH H[WHQVLRQ RI D[RQV E\
   PP )LJXUH ' 7RJHWKHU 6FKZDQQ
FHOOV DQG D[RQV LQILOWUDWHG   RI WKH  PP ORQJ
FRQGXLW LQ YLWUR LQ  GD\V
 'LVFXVVLRQ
0RVW FHOOEDVHG UHVHDUFK LV DFTXLUHG YLD H[SHULPHQWV
LQ PRQROD\HU FXOWXUHV DQG ODUJHO\ DVVXPHV WKDW WKHVH
PRQROD\HU FXOWXUHV UHIOHFW WKH SK\VLRORJ\ RI WLVVXH 7R
WKLV GD\ FHOO FXOWLYDWLRQ LQ D PRQROD\HU LV WKH
WUDGLWLRQDO ZD\ RI FXOWXULQJ FHOOV &XOWLYDWLRQ LQ
PRQROD\HUV KDV SURYHG WR EH VLPSOH FRQYHQLHQW DQG
OHDG WR UHODWLYHO\ IDVW UHVXOWV +RZHYHU IRU VRPH WLPH
RQO\ LQ YLWUR ' FXOWLYDWLRQ PRGHOV DQG LQ YLYR DQLPDO
PRGHOV ZHUH DYDLODEOH DQG XVHG IRU HDUO\ VWDJH
PHGLFDO GHYLFH HYDOXDWLRQ>±@ %HWZHHQ ERWK PRGHOV
WKHUH LV D ODUJH JDS LQ UHODWLRQ WR WKH SK\VLRORJLFDO
UHOHYDQFH 0RQROD\HU FXOWXUHV DUH IDU DZD\ IURP
WKH ELRORJLFDO EHKDYLRXU LQ WKH KXPDQ ERG\ HVSHFLDOO\
ZKHQ FHOO OLQHV ZHUH FKRVHQ RYHU SULPDU\ FHOOV DQG
DQLPDO VWXGLHV ZKLOVW UHSUHVHQWLQJ D ZKROH RUJDQLVP
DQG PHWDEROLVP DUH QRW KXPDQ 7KRXJK DQLPDO
VWXGLHV FDQ PLUURU KXPDQ ELRORJLFDO UHVSRQVHV WKH\
GR QRW DOZD\V UHSURGXFH KXPDQ SK\VLRORJ\>@
(VSHFLDOO\ WKH GRPLQDQW XVH RI UDW VFLDWLF QHUYH LQMXU\
PRGHOV WR VWXG\ 1*&V ZKLFK KDYH OLPLWDWLRQV ZKHQ
WUDQVODWLQJ UHVXOWV WR KXPDQV>@ 5DWV DUH WRR VPDOO LQ
VL]H WR HQDEOH WKH VWXG\ RI KXPDQ FULWLFDO QHUYH JDS
OHQJWKV RI !  FP DQG KRPRJHQRXV LQEUHG VWUDLQV
UHGXFH WKH YDULDELOLW\ EHWZHHQ UHVXOWV $QRWKHU
FRQFHUQ WKDW PD\ UHVXOW LQ PLVWUDQVODWLRQ LV WKH
DWWHPSW WR FRPSDUH H[SHULPHQWV RI KHDOWK\ DQLPDOV
YHUVXV VLFN SDWLHQWV ZKR QRUPDOO\ VXIIHU IURP
PXOWLSOH LQMXULHV EHVLGHV WKH LQMXU\ WR D SHULSKHUDO
QHUYH GXH WR WUDIILF LQGXVWULDO RU GRPHVWLF DFFLGHQWV
$GGLWLRQDOO\ WKHUH LV D UHJXODWRU\ DQG HWKLFDOO\ GULYHQ
HIIRUW WR UHGXFH WKH QXPEHU RI DQLPDOV XVHG LQ PHGLFDO
UHVHDUFK
' LQ YLWUR PRGHOV DUH RI LQFUHDVLQJ LQWHUHVW EHFDXVH
RI WKHLU ³FORVHUWRLQYLYR´ EHKDYLRXU ZLWK KLJKHU
SK\VLRORJLFDO UHOHYDQFH ,Q ' PRGHOV FHOOV FDQ EH
FXOWLYDWHG LQ WKUHH GLPHQVLRQV OLNH LQ WKHLU QDWXUDO
HQYLURQPHQW LQ WLVVXHV DQG RUJDQV ,Q QHXURVFLHQFHV
' PRGHOV DUH PRVWO\ GHYRWHG WR WKH FHQWUDO QHUYRXV
V\VWHP WR VWXG\ WKH QHXURQDO QHWZRUN DQG VLJQDOOLQJ
SDWKZD\V EUDLQ EDUULHUV GLVRUGHUV DQG WKH HIIHFWV RI
QHXURWR[LQV UHYLHZHG E\>@ 6WXGLHV RQ SHULSKHUDO
QHUYH LQMXULHV DQG QHUYH JXLGHV LQ SDUWLFXODU
ZRXOG EHQHILW IURP LQ YLWUR ' PRGHOV GXH WR WKH
GLVFXVVHG OLPLWDWLRQV RI DQLPDO LQMXU\ PRGHOV ' LQ
YLWUR FXOWXUHV DQG WKH ODFN RI SXEOLVKHG GDWD 7RGD\
WKHUH LV DQ LQFUHDVHG QHHG IRU ' PRGHOV RQ LQWHUQDO
1*& VFDIIROGV ,Q SDUWLFXODU KROORZ 1*&V KDYH
VKRZQ WKHLU OLPLWDWLRQV LQ UHSDLULQJ QHUYH JDSV
H[FHHGLQJ  FP DQG LPSURYHPHQW RQ WKLV PDWWHU LV
XUJHQWO\ QHHGHG 'LIIHUHQW DWWHPSWV KDYH EHHQ PDGH WR
VWXG\ LQWHUQDO VFDIIROGV IRU 1*&V LQ D WKUHHGLPHQVLRQDO
HQYLURQPHQW EXW GRFXPHQWDWLRQ RQ D ' LQ YLWUR
PRGHO WR WHVW GLIIHUHQW VFDIIROGV LQ RQH VHWXS SULRU WR
DQLPDO LPSODQWDWLRQ LV VWLOO PLVVLQJ ,Q VXSSRUW RI WKLV
QRWLRQ ZH GHYHORSHG DQ LQ YLWUR ' '5* PRGHO WKDW
DOORZV WKH LQYHVWLJDWLRQ RI GLIIHUHQW LQWHUQDO ILEUH
VFDIIROGV LQVLGH DQ 1*& ,Q RUGHU WR HQVXUH WKDW WKH
PLFURILEUH VFDIIROG VXSSRUWHG FHOO JURZWK DQG YLDELOLW\
WKURXJKRXW WKH HQWLUH FRQGXLW OHQJWK DQG GHSWK FHOO
FXOWXUH ZDV FRQGXFWHG SULRU WR '5* FXOWXUHV 7KH
GHYHORSHG V\VWHP VKRZHG DQ LQ YLWUR ' HQYLURQPHQW
ZKLFK ZDV EDVHG RQ WKH ILQDO LPSODQWDEOH SURGXFW DQG
WKHUHIRUH PRUH OLNHO\ PLPLFNHG SK\VLRORJLFDO UHOHYDQW
FRQGLWLRQV 7KH PRUSKRORJ\ DQG YLDELOLW\ RI QHXURQDO
FHOOV RQ PLFURILEUHV LQVLGH D WXEXODU QHUYH JXLGH XVLQJ
WKH SURSRVHG VHWXS ZDV H[DPLQHG ZKHUH QHXURQDO
PRUSKRORJ\ UHPDLQHG XQFKDQJHG WKURXJKRXW WKH HQWLUH
QHUYH JXLGH DQG ZKHUH FHOOV VKRZHG VLPLODU DQG QRW
VLJQLILFDQWO\ GLIIHUHQW YLDELOLW\ UDWHV FRPSDUHG WR WKH
IODW 7&3 FRQWURO 7KLV LV RI SDUWLFXODU LQWHUHVW DV LW ZDV
SUHYLRXVO\ PHQWLRQHG WKDW HYHQ WKLQ ' VFDIIROGV
VKRZHG D PXFK ORZHU FHOO JURZWK LQ WKH FHQWUH RI
WKRVH VWUXFWXUHV GXH WR WKH ODFN RI QXWULHQW DQG R[\JHQ
GLIIXVLRQ WR WKH VFDIIROG FRUH>±@ +HUHLQ WKH QXPEHU
RI OLYLQJ FHOOV LQVLGH WKH FHQWUH RI WKH PLFURILEUH
VFDIIROG PHDVXUHG PRUH WKDQ 
'5*V DUH DQ HIIHFWLYH WRRO IRU WKH HYDOXDWLRQ RI
LQWHUQDO VFDIIROGV LQ 1*&V DV GHVFULEHG LQ WKLV VWXG\
7KH\ DUH HDV\ WR KDUYHVW GHPRQVWUDWH D SULPDU\
3UHFOLQLFDO HYDOXDWLRQ RI DGYDQFHG QHUYH JXLGH FRQGXLWV XVLQJ D QRYHO ' LQ YLWUR WHVWLQJ PRGHO
,QWHUQDWLRQDO -RXUQDO RI %LRSULQWLQJ ±9ROXPH  ,VVXH  
PXOWLFHOO W\SH VRXUFH DQG WKHLU DQDWRPLFDO PRUSKRORJ\
LV VXLWDEOH WR VLPXODWH WKH SUR[LPDO QHUYH VWXPS DIWHU
QHUYH LQMXU\ ZKHQ SODFHG RQ WRS RI DQ 1*&
$GGLWLRQDOO\ '5*V FRQWDLQ WKUHH PDLQ FHOO W\SHV
VHQVRU\ QHXURQV ZKLFK DUH VXUURXQGHG E\ VDWHOOLWH
JOLDO FHOOV 6FKZDQQ FHOOV DQG ILEUREODVWV ZKLFK DUH
DUUDQJHG LQ D FROODJHQGRPLQDQW H[WUDFHOOXODU PDWUL[>@
(YDOXDWLQJ 1*& VFDIIROGV XVLQJ '5*V WKHUHIRUH
DOORZV D[RQJOLD FRPPXQLFDWLRQ DSSUR[LPDWHV WKH
QDWLYH SHULSKHUDO QHUYH HQYLURQPHQW DQG FRQWDLQV WKH
PDMRU FHOO FRPSRQHQWV ZKLFK WDNH SDUW LQ SHULSKHUDO
QHUYH UHJHQHUDWLRQ 'XULQJ :DOOHULDQ GHJHQHUDWLRQ
6FKZDQQ FHOOV DQG ILEUREODVWV SUROLIHUDWH DQG PLJUDWH
IURP ERWK WKH SUR[LPDO DQG WKH GLVWDO QHUYH VWXPS LQWR
WKH QHUYH OHVLRQ DQG SURYLGH D FKHPLFDO DQG SK\VLFDO
JXLGH IRU UHJHQHUDWLQJ D[RQV>@ 7KH FORVH DVVRFLDWLRQ RI
6FKZDQQ FHOOV DQG D[RQV ZDV DOVR REVHUYHG LQ WKLV
VWXG\ \HOORZ IOXRUHVFHQW VLJQDO LQ )LJXUH % ,Q
DGGLWLRQ 6FKZDQQ FHOOV SUROLIHUDWHG IXUWKHU WKDQ WKH
D[RQV UHJHQHUDWHG )LJXUH ' VXJJHVWLQJ 6FKZDQQ
FHOOV GLUHFW H[WHQGLQJ D[RQV 7KH XVH RI '5*V DV DQ
HYDOXDWLRQ WRRO IRU SHULSKHUDO QHUYH UHSDLU VWXGLHV LV
QRW D QHZ LGHD DQG ZDV SUHVHQWHG E\ VHYHUDO UHVHDUFK
JURXSV LQ WKH SDVW>±@ +RZHYHU WKH GHVFULEHG LQ
YLWUR DVVHVVPHQW PHWKRGV DUH PDLQO\ FRQILQHG WR WKH
HYDOXDWLRQ RI D VLQJOH LQWHUQDO 1*& VFDIIROG 7KH
FXUUHQW VWXG\ VXJJHVWV XVLQJ '5*V WR HYDOXDWH
PXOWLSOH VFDIIROG VWUXFWXUHV LQVLGH WKH 1*& ZKHUH WKH
PRGHO LV QRW UHVWULFWHG WR WKH HYDOXDWLRQ RI D VLQJOH
FRQGXLW GHVLJQ $GGLWLRQDOO\ WKLV VWXG\ VKRZHG WKH
XVH RI '5*V WR VLPXODWH WKH SUR[LPDO QHUYH VWXPS
ZKHQ SODFHG RQ WRS RI WKH 1*& GHYLFH ,W VKRXOG
DOVR EH PHQWLRQHG WKDW VHYHUDO 1*&V FDQ EH WHVWHG DW
RQFH E\ RQO\ VDFULILFLQJ RQH DQLPDO FRPSDUHG WR WKH
GLUHFW LQ YLYR LPSODQWDWLRQ RI D VLQJOH 1*& LQ D VLQJOH
DQLPDO 7KH SUHVHQWHG PRGHO PD\ WKHUHIRUH DFW LQ
WHUPV RI WKH UHILQHPHQW DQG WKH UHGXFWLRQ RI WKH 5V LQ
DQLPDO WHVWLQJ>@ VKRZLQJ DQ DGYDQWDJH IURP DQ
HWKLFDO SRLQW RI YLHZ EXW LV DOVR DGYDQWDJHRXV LQ WHUPV
RI WLPH DQG UHVRXUFHV
7KH KROORZ QHUYH FRQGXLWV LQ WKLV VWXG\ ZHUH
IDEULFDWHG E\ PLFURVWHUHROLWKRJUDSK\ IURP 3(*
0LFURVWHUHROLWKRJUDSK\ LV D PLFURVWUXFWXULQJ WHFKQLTXH
IRU FRPSOH[ ' VWUXFWXULQJ ZLWK DGYDQWDJHV RI KLJK
UHVROXWLRQ DQG IDVW PDQXIDFWXULQJ WLPHV IRU QHUYH
UHJHQHUDWLRQ>@ +HUHLQ 3(* FRQGXLWV ZHUH XVHG DV
D QRQGHJUDGDEOH WHVWFRQGXLW GHYLFH IRU WKH DQDO\VLV
RI WKH LQWUDOXPLQDO PLFURILEUH VFDIIROG 7KLV PRGHO
FDQ EH XVHG ZLWK DQ\ RWKHU NLQG RI KROORZ QHUYH JXLGH
DQG LV QRW UHVWULFWHG WR WKH XVH RI 3(* 1*&V
&RPELQDWLRQV RI GLIIHUHQW KROORZ 1*&V DQG LQWHUQDO
VFDIIROGV FDQ DOVR EH VWXGLHG 7KH VL]H RI WKH FRQGXLWV
VWXGLHG ZHUH GLUHFWO\ UHOHYDQW WR D FRPPRQ ILEXODU
FULWLFDO JDS LQMXU\ LQ D PRXVH PRGHO>@ DQG SURYLGH
D EDVLV IRU ORQJHU LQMXU\ JDSV RI UDW VFLDWLF !PP
DQG KXPDQ WULDOV WKHUHDIWHU 7KH PLFURILEUHV XVHG LQ
WKLV VWXG\ ZHUH IDEULFDWHG E\ HOHFWURVSLQQLQJ
(OHFWURVSLQQLQJ LV D FRQWUROOHG DQG IDVW ILEUH IDEULFDWLRQ
PHWKRG ZKLFK DOORZV WKH VSLQQLQJ RI KLJKO\ DOLJQHG
RU UDQGRP RULHQWHG QDQR DQG PLFURILEUHV ZKLFK KDYH
VHHQ GLIIHUHQW DSSOLFDWLRQV LQ WLVVXH HQJLQHHULQJ>±@
$ UDQJH RI ILEUH GLDPHWHUV   DQG  P ZHUH
H[WHQVLYHO\ VWXGLHG E\ 'DXG HW DO ZKHUH 1*±
QHXURQDO FHOOV IRUPHG WKH ORQJHVW QHXULWHV LQ
FRFXOWXUH H[SHULPHQWV WRJHWKHU ZLWK SULPDU\ 6FKZDQQ
FHOOV ZKHQ JURZQ RQ  P ILEUHV>@ $GGLWLRQDOO\ 3&/
ZDV FKRVHQ LQ UHVSHFW WR LWV ELRUHVRUEDEOH SURSHUWLHV
DQG )'$ DSSURYDO>@ DV ZHOO DV LWV JUHDW VXLWDELOLW\ IRU
SHULSKHUDO QHUYH UHSDLU>±@ %HVLGHV 3&/ PLFURILEUHV
D UDQJH RI RWKHU LQWHUQDO 1*& VFDIIROGV KDYH EHHQ
VXJJHVWHG DV EHLQJ VXLWDEOH FDQGLGDWHV WR HQKDQFH KROORZ
QHUYH FRQGXLWV LQ QHUYH UHSDLU VXPPDULVHG E\>@
7KH FRPSDULVRQ RI GLIIHUHQW 1*& VFDIIROG FDQGLGDWHV
ZRXOG EH EHQHILFLDO IRU WKH EURDG UHVHDUFK FRPPXQLW\
WR LGHQWLI\ DQ RSWLPDO LQWHUQDO JXLGH IRU KROORZ 1*&V
,Q WKLV FRQWH[W WKH GHYHORSHG ' '5* PRGHO LV RI
YDOXH LQ WKH SURFHVV RI LGHQWLI\LQJ LQWHUQDO 1*&
VFDIIROGV ,W LV RI QRWH WKDW PRUH WKDQ  RI DOO '5*
H[SODQWV DWWDFKHG WR 1*&V LQ WKH GHYHORSHG PRGHO ,Q
RXU H[SHULHQFH WKH DWWDFKPHQW RI '5*V WR VFDIIROGV LV
QRUPDOO\ SRRU W\SLFDOO\ DURXQG  )XUWKHUPRUH
WKH SURSRVHG UHPRYDO VWHS RI WKH PLFURILEUHV IURP WKH
FRQGXLW LV DQ HDV\ DQG IDVW PHWKRG IRU VDPSOH LPDJLQJ
DQG LV WR RXU NQRZOHGJH D QHZ WHFKQLTXH WR LPDJH
ILEUH VFDIIROGV LQ 1*&V :LWK WKLV WHFKQLTXH FRPPRQ
FRQIRFDO PLFURVFRS\ LV VWLOO IHDVLEOH ZLWKRXW WKH QHHG
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